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Process for positioning of a mask relative to another mask or a workpiece and device for 
executing the process 



(57) A process tor positioning, in which a dummy 
workpiece is not used, in which broadband light can be 
used as the light source for purposes of alignment, and 
in which aberration correction is unnecessary, and a 
device for executing the process is achieved according 
to the invention by executing projection onto a first mask 
(M1) by projection lenses (L1.L2) in which at least the 
workpiece facing sides of the lenses are telecentric. In a 
state in which a workpiece (W) is absent, actinic light is 
emitted from a light irradiation part (LH2) onto a second 
mask (M2). The first mask (or second mask) is moved 
such that the projected images of the alignment marks 
(MA2) of the second mask and the alignment marks 
(MA1) of the first mask come to lie on top of one 
another. Furthermore, the irradiation light is branched 
off by beamsplitter (B5) and positions of the alignment 
marks of the second mask are stored. Next, emission of 
the actinic light is stopped, a workpiece (W) is inserted 
into a predetermined position, broadband non-actinic 
light is emitted from another light irradiation part (LE), 
positions of the alignment marks (WA1) of the work- 
piece are determined and the workpiece is moved to 
bring these alignment marks into position on top of the 
stored position of the alignment marks of the second 
mask. 
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monitoring by means of the imagers of align- 
ment units A1 . In this way, alignment is per- 
formed. 

(5) Alignment units Al are removed. Upper 5 
mask M1 which was moved according to above 
described item (3) and projection lens LI are 
moved back into their previous positions. 

In the above described art, however, the following is io 
considered disadvantageous: 

A. Positioning of the upper mask relative to the 
lower mask 

75 

(1) It is difficult to produce dummy D in which 
alignment marks DAM of the two sides are in a 
sei positional relationship with respect to one 
another. 

20 

(2) The workpiece does not always have a con- 
stant thickness, and can have different thick- 
nesses. It is, therefore, necessary to make 
available a dummy D for each thickness of the 
workpiece. Furthermore, there are workpieces 25 
in which the positions of the alignment marks 
are different, the dummy must be prepared 
according to the workpiece alignment marks. 

Especially in the case of alignment usingd 
dummy D with a thickness which differs from 30 
the thickness of the workpiece, the two sides of 
the workpiece cannot be exposed at the same 
time, and step-by-step exposure must be per- 
formed. This means that, here, it is necessary 
to move the positions of the projection lens and 35 
the workpiece in the direction of the Z-axis, and 
to expose the other side of the workpiece after 
alignment and exposure have been performed 
for the first side of the workpiece. 

40 

(3) It is necessary to position the upper mask 
relative to the lower mask every two to five min- 
utes, and to to insert the dummy each time in 
order to correct deviations of the positional 
relationship of the upper mask to the lower 4S 
mask which occur due to temperature 
changes. Especially when the device is started, 
there are large temperature changes within it. 

In this case, it is necessary to frequently cor- 
rect the above described positional deviations, so 

B. Positioning of the upper and lower masks relative 
to the workpiece and in double-sided exposure 

(1) Due to use of light with nonexposure wave- 55 
lengths during workpiece alignment, the aber- 
ration correction described in item (3) in the 
above described prior art must be done for the 
respective alignment. 



However, it is unnecessary to accomplish 
the above described aberration correction if, 
with respect to the light with the exposure 
wavelengths (for example of the g-line), high 
image resolution is accomplished and a projec- 
tion lens with a small aberration both with 
respect to light with exposure wavelengths and 
also with respect to light with nonexposure 
wavelengths (for example of the e-line) is used, 
as is shown in Fig. 7. However it is difficult to 
produce a lens of this type. 

(2) The light with nonexposure wavelengths 
must be monochrome light. This means that 
width AZ in the imaging positions (aberration 
becomes greater), and as a result thereof, a 
deviation occurs if the light with nonexposure 
wavelengths has a wavelength width of AX to a 
certain extent, as is shown in Fig. 8. It is there- 
fore necessary to use monochrome light for the 
light with nonexposure wavelengths. The wave- 
length width as monochrome light is a half 
width of roughly ± 2 nm. 

In the case of using monochrome light 
however interference of light which is reflected 
from the photoresist surface occurs with the 
light which is reflected from the workpiece sur- 
face (or the surface of the base). This means 
that the resist layer thickness is roughly 1 to 5 
microns; however, it has a variation of roughly 
0.1 micron to 0.2 microns, as is shown in Fig. 9. 
Therefore as a result of the variation of the 
resist layer thickness, interference bands 
occur, as is shown for example in Fig. 10; this 
makes alignment difficult. 

(3) If, hypothetically, the light with exposure 
wavelengths is emitted as alignment light it is 
necessary to separately place an irradiation 
unit for the light with exposure wavelengths 
(inserting it above the upper mask Ml) for pur- 
poses of partial illumination and to irradiate the 
alignment marks of upper masks Ml . However, 
even if the irradiation unit for light with exposure 
wavelengths is used for purposes of partial illu- 
mination, in the areas used for positioning on 
the workpiece. a circuit pattern or the like can- 
not be formed since, during positioning, the 
resist in the vicinity of the workpiece alignment 
marks is exposed to the action of exposure 
light. As a result, the areas which can be used 
become smaller. 

(4) In the case of using light with exposure 
wavelengths, it is difficult for the light to reach 
the surface of the workpiece (or the surface of 
the base), since the light with exposure wave- 
lengths is easily absorbed by the photoresist. 
Therefore, it becomes difficult to determine the 
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Process for position^ 1 ,nVention is to a 
mask relativeVTwcSr^^ and a 'ower 
«9ht can be used aTtnTlS « "** mu «*««lc 
-"*** "O interfere Tpand^ a^t f " 
caused by variation of the ro«L , ""^ Which are 
which alignment ma^s are^i ^ tWckness ' and in 

A fourth obieet of process - 
a-forpos^nTanJ^^^ ■ P-- 

abve to a workpiece inWriSf ^ 3 ,OWer mMk re '- 
resist on the Jto^ is ?'V Unn9 Positioning, the 
exposure light. S£ IT*** * the arton of 
formed in the *e££j^°?* Patterns <*" be 
ade^ceforexecuting^^ rt ' 0n,n9 - a "d to devise 

* fo a fi^S^ffs are achieved accord- 
rebtive to another rr^L LZ™™ ,0nin 9° f °™ mask 
a^Posure wavelengths *£1??*J" T*** " 9h1 
omoalignmemmanSofVL^ f ' ™ 
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J 6 ,enses °PP°site the workpiece sides a » , , 
then the relative positions of th. * , ,e 'acentric. 
are determined, a^ teTil ^ °, a '' 9nment ^ks 
«ons of me above^eSfed ^ ?r 0f re,ative **- 
5 second mask and/or the S ^ " 9 T ent marks ' 
»nat the two alignment ^Sc^^ 6 m0Ved Su * 
another. Furthermore Z1iaT!£J e ° n t0p 0,006 
alignment marks oTthe ,irS irradiates *• 

branched between the fit ^ ,s Elected or 

- ond Proje^ionTe^ yralKr^ ,6nS Sec " 
mask are record^ " £ r^lT^ " *• first 
determined/stored aneTJiS? P ^ , ° nS thereof are 
*e exposure vvavele^^lT^° fthe,i9htw * 
Part is stopped a * " 9ht 
'5 mined poSon bL e ^f^ * a P— ^ 
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lengths is emliS w a ^ ^ nonex Posure 
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the workpiece is remote V 31 ,n a state *> which 
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alignment ^Zt^SS^S^ 
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* describeTtransmSion I Sf ^ that *• above 
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ade is telecentric. that DroiJ^jf ^ e work P ie ce 
40 ment marks of the ™ rx>)< ~ cbon 'mages of the align- 
the secon?^^'^^'^ are projected onfo 
mask are reco*eT^ t 'S ° f the S6c °nd 
alignment marks are Serm^ ^ m ° nS «" the ^ 
described second branched 2S ^ US,n 9 ^ above 
* of the above describe?^ a " 9nm6 nt marks 

relative positions theTeTa?^ L * reCOrded ' tha t the 
based on data of The ° Ia l determ,n «l/stored. that 

the first mask Lara mTS e sec °nd mask and/or 
50 des -'bed two atignmem^^^,. ,he above 
one another, that errS io TT*V?V " e °" toD of 
wavelengths from the °i t ; 1 ^V"* 
stopped, that a wortaJe^L 9 ' rradiation Part is 
Position between^e1^ pr o i6 ^ o e^, r , h 8 
55 ond projection lens ftaTlSn ' enS and 1,16 sec- 

Pan light with none^ r eTave e^2 ^ irradiation 
alignment marks of the wo^ZST^ ' S emitt6d °nto 
marks of the above desc^S 0 il^ ,he a,i9n ment 
and ti,eir relative p^ltionfa* T?*** are record6d 
Ninons are determined/stored, that 
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based on the previously stored data of the relative posi- 
tions of the alignment marks of the first mask and based 
on data of the relative positions of the alignment marks 
of the above described workpiece, the workpiece is 
moved such that the two come to lie on top of one 
another. 

The above described objects are achieved accord- 
ing to a fourth embodiment in that, in a device for posi- 
tioning one mask relative to another mask, there are a 
first mask, a first mask carrier movement device for 
moving the first mask, a first projection lens, of which at 
least the side opposite the mask side is telecentric. a 
second mask, a second mask carrier movement device 
for moving the second mask, a second projection lens, 
of which at least the side opposite the mask side is tele- 
centric, a light irradiation part for irradiating alignment 
marks of the first mask with light with the exposure 
wavelengths, a camera means which records projection 
images of the alignment marks of the first mask by the 
light with exposure wavelengths emitted from the light 
irradiation part and records the alignment marks of the 
second mask, and a control means which, based on the 
image data recorded by the camera means controls the 
first mask carrier movement part and/or the second 
mask carrier movement part. Furthermore, the control 
means records the alignment marks of the second 
mask and the prqection images of the alignment marks 
of the first mask which are projected through the first 
projection lens and the second projection lens onto the 
second mask, performs image processing and deter- 
mines the relative positions thereof, if the light irradia- 
tion part emits light with exposure wavelengths, and the 
control means computes the data of the relative posi- 
tions of the two alignment marks and moves the second 
mask and/or the first mask such that the two alignment 
marks come to lie on top of one another. 

The above described objects are achieved accord- 
ing to a fifth embodiment by the fact that, in a device for 
positioning of masks relative to a workpiece. there are a 
first mask, a first mask carrier movement device for 
moving the above described first mask, a first projection 
lens, of which at least the side opposite the mask side is 
telecentric, a workpiece. a workpiece carrier movement 
device for moving the workpiece, a second mask, a sec- 
ond mask carrier movement device for moving the sec- 
ond mask, a second projection lens, in which at least 
the side opposite the mask side is telecentric, a first light 
irradiation part for irradiating alignment marks of the first 
mask with light with exposure wavelengths, a second 
light irradiation part for irradiating alignment marks of 
the workpiece with light with nonexposure wavelengths, 
a first camera means which records projection images 
of the alignment marks of the first mask by the light with 
exposure wavelengths emitted from the first light irradi- 
ation part and records the alignment marks of the sec- 
ond mask, a light branching means for branching the 
light which irradiates the alignment marks of the first 
mask between the first projection lens and the second 
projections lens, or a light deflection means for deflect- 



ing the irradiation light, and a second camera means 
which records projection images of the alignment marks 
of the first mask by the light branched by means of the 
light branching means, or the light deflected by the light 
5 deflection means, and records the alignment marks of 
the workpiece by the light with nonexposure wave- 
lengths emitted from the second light irradiation part. 
Furthermore, a control means which, based on the 
image data recorded by the first camera means, con- 
w trols the first mask carrier movement device and/or the 
second mask carrier movement device, which controls 
the first mask carrier movement device and/or the sec- 
ond mask carrier movement device based on the image 
data recorded by the first camera means, and which 
75 controls the workpiece carrier movement device based 
on the image data recorded by the second camera 
means. In the state in which the workpiece is remote, 
the control means has the light irradiation part emit light 
with exposure wavelengths, the control means records 
20 the alignment marks of the second mask and the pro- 
jection images of the alignment marks of the first mask 
which are projected through the first projection lens and 
the second projection lens onto the second mask, per- 
forms image processing and determines the relative 
25 positions thereof, then the control means computes 
data of the relative positions of the alignment marks of 
the second mask and the projection images of the align- 
ment marks of the first mask, moves the second mask 
and/or the first mask such that the two come to lie on top 
30 of one another. Additionally, the control means records 
the projection images of the alignment marks of the 
above described first mask by the branched light in 
which the light irradiating the alignment marks of the 
above described first mask was branched between the 
35 first projection lens and the second projection lens, or 
by the deflected light in which the irradiation light was 
deflected, performs image processing and deter- 
mines/stores the relative positions thereof, after which 
the control means stops emission of light with exposure 
40 wavelengths from the first light irradiation part and 
inserts the workpiece in a predetermined position 
between the first projection lens and the second projec- 
tion lens. Then, the control means has the second light 
irradiation part emit light with nonexposure wave- 
45 lengths, records the alignment marks of the workpiece, 
performs image processing and determines the relative 
positions thereof, and based on the previously stored 
data of the relative positions of the alignment marks of 
the first mask and based on the data of the relative posi- 
50 tions of the alignment marks of the workpiece. the con- 
trol means moves the workpiece such that the two come 
to rest on top of one another. 

The above described objects are achieved accord- 
ing to a sixth embodiment by the fact that in a device for 
55 positioning of masks relative to a workpiece. there are a 
first mask, a first mask carrier movement device for 
moving the above described first mask, a first projection 
lens, of which at least the side opposite the mask is tel- 
ecentric. a workpiece. a workpiece carrier movement 
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device ,or moving the workpiece a c~ _ 
or* mask carrier movemem S^T^ 3 ^ 
ond mask a s^mnH " aev,ce ,or moving the sec- 

d'afon part for irradiating alS ' a f,rst "9* irra- 
mask with ligm with The 1x3 ' ma,te * the fif » 
ond «ight 1nJ^^SSZr mm ^ 8 Sec " 
<* the vworkpiece w?h ,L i r n9aH9nmemmar ks 
'engths.afS cTrn^i J 9 Wth nonex POsure wave- 
images of rec °«* Section 
«9ht with exposure wa^ol° f *! *« * the 
"Qhtirradia^rtandTeSS^" 1 ^ fr0m the fire * 
the second maska SSS? 9nment °f 

«rst mask between Z tS^iSTT* marhs * the 
ond projections fens, a iSSST" "* *• Sec ' 
records projection images S?ht a ? me,a which 
*« mask by the h£&^!* mm * ">■*» - the 
described Kohf k~?!I_ anched by means of the abov* 
men, ^"SJ^ reco rds the align! 
" sure wavelengfts 6 ^ e 9* wrth nonexpo- 

•rradiation part and TSZL Second «9ht 

the image dVtari?rd^HL^ anS " W * based °" 
. trols the firs, masS cam^! 5 means 
second mask c^^^T^ dSVice and/ °r the 
tro/s the workpie^ ^f^ dev,ce and which con- 
""age date Z^Stv^T"^ d&fiCB on 
Furthermore TmT^L S f COnd camera means 
-mote, the ££££ £ workpiece is 

en * light with exposure^^J? ' ,rrad ' ati0n part 
means records ftTJfa^S! 3nd the con trol 
7* and the proton™ * *• second 

°f the firs, mask whS ?irT? 55 of the a, »9nmen, marks 
projection lens wTsS^ ,hr ° U9h *• *« 
second mask, performs ^ Pr ° J6Cti0n ' ens onto the 
J*- the i-JSSSJSS^ a - — 
the control means records tZl l me same time, 
alignment ma rks J^^ST™ im * ges 01 tha 
^ which the fiqrrt whY* ™ by the Dra nched light 
of the first m^^J? 6 
«ve lens and the s^obTeSvet' 66 " ° bjec " 
Processing and determ^,!ST e ° S ' P erf orms image 
thereof. T? e 00^^^ 
«ve positions oTtlZ^^ 5 ** of th * rela- 

of the firs, mask 6 a ' i9nment marks 
f-t mask ,0 be mo?i ScMrlHhe^ ^ the 
top o, one another and then ^ ' ° ^ to ,ie °n 
emission of the light wfth e^n«f ^ means sto Ps 
'he first light irradia^art^ 6 W8Ve,en 9ths from 
a Predetermined 3 *• in 

'ens and ft. secoXo^Ln ?f ** 
>nd ligh, irradiation pa?^^' T Sec ' 
wavelengths, records tte * nonex Posure 

'iece. performs irraL orrS« * ° f the w ork- 
**• Positions fterS^ a ^ deter,nines th. 
^eans. based on filSSLSSjS? the confr ol 
n Positions of the JES? °f the rela- 

based on the date ofT * me firsf "^sk 

me data of the relative positions of the 
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alignment marks of the wnrkni^ 

mentoffteworkpiece surthSft?^" 565 ^ m ^ 
top of one another. to res, on 

'engths is emitted from ftetirl 9 T exposure 
a« 9 nment marks «ZZZ™t: ^ *» 
"x>re. the alignment markToTft^ J 15? Case ' further " 
Projection imaoes of ^ second mask and the 
" mask are re^SJ, tl " 9nment ^ of the fir^ 
are project^rSgh ft procesai "9 and 
second paction S ^SSl? ^ 
at least fte sides opposite lh7™?! ^ rt 
the. and their relative po^ons a ^ ^ *• te,ecen - 
' 5 more, the data of t^ eterrrtned - Fur ther- 

a« 9 nment marks le ^^^T °' ^ 
and/or the first mask is Zff..^^ 6 second mask 
ment marks come to lie on "to T"^ 1 T " e *"° a,i 9n- 
measure. positioning 2 one^el , Bv •* 

» oan be done without Wn^a 2?^ to another 
manufacture and in wS ftf ^7 ^ fe diffic «'t to 
♦wo sides have a mi nS»Sl£ ! ^ ^ °" fte 
Anally, it is no i™? P to ° ne ^o^er. Addi- 
according ^J^L"^^ * *• mea ^ a 
- a ~> each t^of fte k ™: 8 ^ 
ares^C^r^^^ 

since, in the correction of S be 6asi,v corrected 
relationship of thf upoer ^ 
3 " mask as a result of r6 ' at,Ve to 'ower 
need be inserted temp6rature Cna "9es. no dummy 

In the invention descrihori *u 
the second, third, fifth aS fS, ZSL***"* re,aliva to 
in 9 of one mask relativ ^ to mZT** 1 '?*"*- position - 
35 same way as ^T t T<* J**"™* " 
embodiments, and furthe^S 1 Ur& and fourth 
a tasthe alignment iSSESrS " 9ht ^d.- 
or deflected, the JigTr^ 2? ' S bra ^ad 
recoreied. ft eir re ,atjve poSS,f mMk are 

40 «hen emission of ft ^ wrtn 1! de,ermi "e^ 

'engths from the first light irrad a^^ 08 "' 6 wave " 
workpiece is inserted in a orl!T" ^ St ° Pped ' 
«9h, with nonexposuTe ^1522 ^ me 
alignment marklof "he JSSSTl" emitted or «° the 
- of the alignment r^^^T^^ons 
mined/stored and based on thl WOrkp,ece are deter- 
of the relative rJ^«J?J rmnou *' date 
«rs, mask and bas2 on * « a> ' 9nment marks of ft e 
«ons of the woSe ™££Z? 
50 *at,hetwocomeToTeontoo^' eCe,S ^ ed8u * 
of this measure. PoSonTng^t^Te^ 1'™*™ 
P'ece can be performed wLh«^ w * to a work- 

Furthermore. L^^Z^ST C °* TeCti ° n - 
sary to use an «n«I. '"vention. rt is not neces- 

small both with reweoErt,!? - ^^on which is 
'engths and also ^esoL S ? exposura ^ 
wavelengths ^ *° ' ,9ht with nonexposure 

- ACCO,din9 t0 "» moreover, mu^chro- 
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matic light with nonexposure wavelengths can be used 
as the light which illuminates the alignment marks of the 
workpiece. Therefore, the alignment marks can be eas- 
ily determined without formation of the above described 
interference bands or the like. Therefore, it is unneces- 
sary to use an extra irradiation unit for the light with 
exposure wavelengths for purposes of partial illumina- 
tion. Furthermore, exposure of the resist on the work- 
piece due to the action of exposure light during 
positioning is prevented, by which effective use of the 
alignment areas on the workpiece is enabled. 

In the following, the invention is further described 
usuing several embodiments shown in the drawings. 
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Fig. 1 



Fig. 2 



Fig. 3 



Fig. 4 



Fig. 5 



Fig. 6 



Fig. 7 



Fig. 8 



Fig. 9 



Fig. 10 



shows a schematic of the arrangement of 
one embodiment of a positioning device 
according to the invention; 

shows a schematic of another embodiment 
in which lenses which are telecentric on one 
side are used; 

shows a schematic of the system arrange- 
ment according to the invention; 

shows a schematic showing positioning of 
one mask relative to another mask; 

schematically shows the deviation of the 
optical path through a beam splitter; 

shows a schematic of a conventional 
arrangement; 

is a graph depicting the characteristics of a 
projection lens which has a small aberration 
both with respect to g-line and also with 
respect to e-Jine light; 

is a graph depicting the relationship 
between imaging position and light wave- 
length for light with nonexposure wave- 
lengths; 

schematically depicts the variation of pho- 
toresist layer thickness on a workpiece; and 
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shows a schematic of a state in which inter- 
ference bands and alignment marks have 
come to lie on top of one another. so 



Fig. 1 is a schematic depiction of an embodiment of 
a positioning device according to the invention in which 
an upper lamp housing LH1 and a lower lamp housing 
LH2 each contain a lamp (not shown) from which light 
with exposure wavelengths is emitted for irradiating 
upper and lower masks Ml, M2 (described below) via 
shutters, optical filters, condenser lenses, and the like. 
A first alignment unit Al is comprised of a half mir- 
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ror HM1, two lenses (not shown), an imager CCD1 or 
the like. By means of first alignment units Al. the align- 
ment marks of the first mask Ml and a workpiece W are 
recorded. Alignment units Al are inserted and removed 
by alignment unft insertion and removal devices AD1. 

On upper mask Ml and lower mask M2, are 
recorded patterns for projection onto the workpiece W 
and mask alignment marks MA1 and MA2. Upper mask 
Ml and lower mask M2 are, furthermore, attached to 
mask carriers (not shown) and these mask carriers are 
moved by means of a mask carrier movement device for 
the upper mask MSD1 and a mask carrier movement 
device for the lower mask MSD2 in the X-Y-0 directions 
(i.e., to the right, left, front and back in the drawing and 
in a direction of rotation around an axis which is perpen- 
dicular to the mask surfaces). 

Reference numbers L1 and L2 designate projection 
ienses which, in this embodiment are telecentric lenses 
in which both sides, i.e.. both the workpiece side of the 
lenses Li and L2 and the mask side of the lenses L1 
and L2, are telecentric. However, lenses which are tele- 
centric on only one side can also be used, in which only 
the lenses on the workpiece sides of projection lenses 
L1 and L2 are telecentric. as is shown in Fig. 2. Projec- 
tion lens LI is, furthermore, driven in the 2 direction (up 
and down in the drawing) by means of a mask/projec- 
tion lens drive device M/LD integrally with the mask car- 
rier on which the mask Ml is attached. 

Furthermore, a second alignment unit A2 is pro- 
vided which is comprised of a beam splitter BS, a half 
mirror HM2, two lenses (not shown), and an imager 
CCD2. Reference letters LE indicate an irradiation 
device for multichromatic light with nonexposure wave- 
lengths. The alignment marks of workpiece W are irradi- 
ated with the multichromatic nonexposure light which is 
supplied by the irradiation devices LE via the half mir- 
rors HM2 and the beam splitter BS. Images of the align- 
ment marks on the workpiece W are recorded by the 
imager CCD2 via the beam splitters BS, half mirrors 
HM2 and the two lenses. 

Alignment units A2 and the irradiation devices LE 
are mechanically coupled to the projection lens LI, so 
that they move together with the projection lens Li in 
the 2-direction. Furthermore, alignment unit A2 and the 
irradiation devices for multichromatic light with nonexpo- 
sure wavelengths LE are arranged such that they can 
move in the X-Y directions independently of the motion 
of the projection lens LI, and they are inserted and 
removed by means of an alignment unit insertion and 
removal devices AD2 in the direction of the arrow. 

Workpiece W has alignment marks WA1 and WA2 
for positioning on its upper and lower sides. Workpiece 
W is attached to a workpiece carrier (not shown) which 
is driven by means of workpiece carrier movement 
device WSD in the X-Y-0 direction (i.e.. to the right left, 
forward, and backward in the drawing and in a direction 
of rotation around an axis which is perpendicular to the 
vertical axis). 

Fig. 3 is a schematic of the arrangement of the con- 
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SmeSS ° , th p emb0dim6nt Shown ^. , The - 

indicates a i^. ? ^ Ra r F u*hermore. C 
describes dev,Ce for controlling the above 

masl^orkpiecL I a " 9nment ^ks of the 

CCD, of 52L.t* A a ™? 2 ^ .^ers 

"en "m SS n US ? 3 firSt and * ^cond embodi- 
the masks rLi^^f Invent,0n and "(2) positioning of 

in the ^l^^^^cnbed 

be done entirely in the same Zv ^ 'rl ' * ^ 
embodiment of Fig. 2 y refer «nce to the 
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A. First embodiment 

(1) Positioning of the upper mask 
lower mask 



so 



relative to the 



arintv^ ^i 41 tower ^k M 2 
meaTS ?k 6 2 " direCti ° n forehand by 

a -gnment marks WA2 on the boSmlLe 
^ workp,ece W. This positioning Sier 
«n also be performed such that tha^I 
fnasKM, andtheiowermaTM^eanhe 
-maging rate for the alignment mari WA? 
on the upper side of workpiece W. 

£ "J 0 " 1601 "nits At are inserted above 

^ ' nSer,,0n and re "™al devices 
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(c^ln the stete shown in Fig. 4. in which no 

ZtlZ^ PreSSnl * B9ht exposure 
wavelengths is emitted from the lowor 
•amp housing LH2. Alignment maTks tZ 
of lovver mask M2 are necessarij pr^ 

uP^r^K 6termlned P° si «°"s of'the 
U ^LTf M7 b6CauSe P*«*» lenses 

M a^d? L e ' eCenlriC - aS is sh0 -" 
font «L H0W6ver - in «s case, the 
font with exposure wavelengths can also 
be emrtted from the upper lamn^? 

ufljh •* case. ^r n ;r te h A o n;e 9 

inserted under the mask M 2 . 

(d) By means of the imager CCOl of the 
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alignment unit At. the alignment marks 
MAI of the upper mask Ml and the proiec- 
■on -mages of alignment marks MA2 of ?e 
ower mask M2 are recorded and sue 
jected to image processing by means of 

F'9- 3. Upper mask Ml and/or lower mask 
are moved by means of the mask if 

MsoT^r evic v or the up ™ 

T and mask carrier movement 
dev.ce for the lower mask MSD2,™ ™? 
*on,ng of upper mask Ml to lower malk 
M2 is performed. 

icaiiJ 1 ? P 0 ***** can be done automat- 
ically by means of the above desafoed 

JJSI process ' n 9 de ^e QC and the cot 
trol dev.ce C. However, ft can also be pe" 
^menuany by *e operate wa^g 

£ XiS ° f 1,16 W ,OWer *o 

^workp.ece W is performed as 

(a) Alignment units A2 are inserted by 

rentl, 0, H he a ' i9nment Unrt aS 

St, e a T C6S A ° 2 into ^ons m 
which the alignment marks MA2 of lower 
mask M2 can be determined. 

(b) Illumination light (light with expose 
» i S emittJtrom ^Hmp 6 
nousmg LH2. Some of it is branched bv 

u :rA2^nr msp, ^ Bso,a '^ 

Cc'^ f,^ ,s recorded by the imagers 
CCD2 of alignment units A2. The recorded 
^oes of the alignment marks arTp^ 

aev ice GC and the positions of alignmem 
marks MA2 of lower mask M 2 
mined and stored. 

workp ie ce earner movement device WSD 
and is inserted in a predetermined pcS- 
fon. as was described above using Fig^. 

(d) The upper mask Ml and the projection 
ens L i are move^ in the Z-directionTtS 
top) by means of mask/projection , ere 
movement device M/LD based on Te 
thickness of workpiece W. In this way pro 
J<*tion tens Li. upper mask Ml and £ 
upper side of workpece Ware brought info 
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the imaging ratio. 

As was described above, projection lens L1 
and alignment units A2 are mechanically coupled in 
the 2-direction. Alignment units A2 are conse- s 
quently moved upward, likewise, by the same 
amount. The imaging positions of alignment units 
A2 are changed from alignment marks WA2 on the 
bottom of workpiece W to alignment marks WA1 on 
the upper side of workpiece W. w 

If, as in the above described item (1)(a), posi- 
tioning is performed such that the upper mask Ml 
and the lower mask M2 are at the imaging ratio rel- 
ative to the alignment marks WA1 on the upper side 
of workpiece W, the projection lens L1 and the 75 
upper mask Ml are moved down according to the 
thickness of workpiece W. 

(e) The multichromatic light with nonexposure 
wavelengths with which alignment marks WA1 20 
are irradiated on the top of workpiece W is 
emitted from irradiation devices LE of align- 
ment units A2. 

(f) Alignment marks WA1 on the top of work- 2s 
piece W are recorded by the imager CCD2 of 
alignment units A2. The recorded images of the 
alignment marks are processed by means of 
image processing device GC, and the posi- 
tions of alignment marks WA1 of workpiece W 30 
are determined. 

(g) By means of image processing device GC. 
the amount of deviation of the positions of 
alignment marks MA2 of lower mask M2 which 35 
were stored in above described item (b) is 
determined by the positions of alignment 
marks WA1 of the workpiece W which were 
determined in above described item (f). 

40 

(h) Workpiece W is moved by means of work- 
piece carrier movement device WSD such that 
the positions of alignment marks MA2 of lower 
mask M2 are brought into agreement with the 
positions of alignment marks WA1 of work- as 
piece W. In this way, alignment is effected. 

Above described processes (g) and (h) can be 
done automatically by means of image processing 
device GC and control device C. However, they can so 
also be performed manually by the operator watch- 
ing monitor M. 
B. Second embodiment 

(1) Positioning of the upper mask to the lower 55 
mask 

In the processes described below, proc- 
esses (b) and (e) differ from the first embodi- 
ment, while other processes are identical to it. 



(a) As in item (a) of the first embodiment, 
upper mask Ml and lower mask M2 are 
moved in the 2-direction beforehand and 
are positioned such that upper mask Ml 
and lower mask M2 are at the imaging ratio 
relative to alignment marks WA2 on the 
bottom side of workpiece W. This position- 
ing, however, can also be performed such 
that upper mask Ml and lower mask M2 
are at the imaging ratio relative to the 
alignment marks WA1 on the upper side of 
the workpiece W, as in the first embodi- 
ment. 

(b) Alignment units A1 are inserted above 
upper mask M1 by means of alignment unit 
insertion and removal devices AD1. Fur- 
thermore, by means of alignment unit 
insertion and removal devices AD2 align- 
ment units A2 are inserted into positions in 
which alignment marks MA2 of lower mask 
M2 can be determined. 

(c) In the state in which there is no work- 
piece, light with exposure wavelengths is 
emitted from lower lamp housing LH2, as 
in the first embodiment. Alignment marks 
MA2 of the lower mask M2 are projected 
onto predetermined positions of the upper 
mask Ml. However, in this case, the light 
with exposure wavelengths can also be 
emitted from upper lamp housing LH1, as 
in the first embodiment. In this case, align- 
ment unit A1 is inserted under the lower 
mask M2. 

(d) As in the first embodiment, alignment 
marks MA1 of upper mask Ml and the pro- 
jected images of the alignment marks MA2 
of lower mask M2 are recorded by the 
imagers CCD1 of alignment units Al, and 
thus, positioning of upper mask M1 to 
lower mask M2 is achieved. 

(e) Together with execution of positioning 
according to above described item (d), 
some of the illumination light (light with 
exposure wavelengths) from lower lamp 
housing LH2 which is branched off by 
means of the beam splitters BS of align- 
ment unit A2 is recorded by the imagers 
CCD2 and the positions of alignment 
marks MA2 of lower mask M2 are stored. 

In this embodiment, simultaneously with posi- 
tioning of upper mask M1 relative to lower mask 
M2, the light from lower lamp housing LH2 is 
branched by beam splitters BS and recorded by 
imagers CCD2. Therefore, it is advantageous that 
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the thickness of beam soirtt^rc do • 
sma,.(,orexamp,e,r P e I ,iSr * * 

bea mtm^ 5" WhS " ' i9W passes through the 
oeam splitters, the optical path deviates bv »n 

Sir ich ^ esponds to the SSL 5 the" 

beam splitters BS. as is illustrated in Fig 5 If posi 
tenjno ofupper ^ Ml relatjve 

pc ST*""* in *• ^ which bJj£Zj 

Ssk TLTS* therefore - * e posi,ions *w 

£T£J! I IOWSr mask M2 deviate according^ 

desclih^ necess ^y to reduce the above 
^scribed amount of position deviation by usinoa 
beam sputters with an extremely low thickness 

misteS^'" 9 V" UPP6r the '^er 
masks to the workpiece 

^_:l n .^ iS ernb °<*ment, in the process of oosi. 

wo'Z ^ ^ ,OWer n "*» rela «-e to a 
wort^ece. .nsertion of the workpiece is begun 

ctnn r S deSCribed in *™ WW "n 

in Sm m T *" emb0difnen be -" se 
M 2 2' £ 9nment mitS ^ were Verted 
nf POSrt, ° nS * 106 a «9nment marks MA2 

steps are ,dent,ca. to those of the first embS 

and H? meanS ^ Phoning of the upper 
and lower masks relative to the workpieceTs 
performed in the manner describ JbeloT 
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(e) The amount of deviation of the posi- 
tions of alignment marks MA2 of the lower 
mask M2 which were stored in the abote 
described step (1)(e) is determined by the 
positions of alignment marks WAl of the 
workpiece W which were determined in 21 
above described step (d). 

(f) Workpiece W is moved by means of the 

movemerrt device WSD 
such that the positions of the alignment 
marks MA2 of lower mask M2 are ?roug£ 
•nto agreement with the positions of J» 
alignment marks WAl of workpiece W m 
this way. alignment is effected 



so 
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(a) Workpiece W is inserted in a predeter- 
mined position. 

£i l £^L maSk M1 3nd Paction lens Li 
w^n ,.f CCOrdin9 to thickness of 
workp.ece W ,n the 2-direction (upward). In 

mi and the upper side of workpiece W are 
brought into the imaging ratio 

If in above described item (i) (a ) posi- 
ton,^ performed such that uppe/rnask 

ra, „ J maSk M2 are af m e imaging 
ratio with respect to alignment marks WA? 
on the upper side of workpiece W. the pro- 

m^I 6 " 5 U 8nd Upper Ml are 

ZE? accor <«ng to the thickness of 
workp,ece W, as in the first embodiment. 

wivele!^ 0 ^ " 9ht Wfth exposure 

mtrks VvAi^ ^ a,i ^t 
marks WA1 are irradiated on the top of 
workpiece W. 

side of workpiece W are recorded andThe 
positons of the alignment marks WaV of 
workp,ece Ware determined 
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-JH desc "bed above, with respect to the s ~nn* 

^;r M 7 e r l« m : ^ in ■» Phoning of uppe^ 
mask Ml relative to lower mask M2. at the same «ml 
the posrtions of alignment marks ma? Z i„ * 
are stored ft is theL^T 01 lower ma sk M2 

tion tcJ!?' therefore ""necessary to store the posi- 

m ims way, the number of Droc^c e**^ ~ 
„„_ e ome ' ha,M - 1,1 •>• second emoodimem » k 

ssr °" ne proiee,,on ,ens " « 

masT i5ri?JT 0 * 0 me P'^M of the upper 

S S?2 ^ However - *h e d ^«e can aS 

aner tne other. This means that in p;« i ^ 
device for moving the woZiecf oZrS ?"h i?S •* 8 

»>e worSoT^e,^'"' WsMe < *«'^) * 
«ooeL. m °* *" above ««cribed eleo*,,«eo 
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embodiments, but it is sufficient to move workpiece W in 
the 2-direction. In this way, accuracy can be increased. 
In step-by-step exposure, in comparison to the above 
described doubie-sided exposure, throughput 
decreases since exposure of one side after the other is 
performed. If, however, the exposure duration is short, it 
can be used in practice to a sufficient degree. 

As was described above, according to the invention 
the following effects can be obtained. 

(1) By means of the measure according to the 
invention by which light with exposure wavelengths 
is emitted onto the alignment marks of a first mask, 
by which alignment marks of a second mask and 
projection images of the alignment marks of the first 
mask are recorded and are subjected to image 
processing, and are projected through a first projec- 

ttnn lone anrl a eannnrl nr^iAM^n Uni> A.U.— 

■ •*■» •>» «-w**w. «w f wjwwuwi i igi i« ui iiis u ie aeu* 

ond mask, in which at least the sides of the lenses 
which are opipbsite the mask sides are telecerrtric 20 
by which relative positions are determined, by 
which the second mask and/or the first mask is/are 
moved such that the above described two align- 
ment directions come to lie on top of one another, 
the following effects can be obtained: 25 

(a) Positioning of one mask relative to another 
mask can be achieved without using a dummy 
which is difficult to manufacture, in which the 
alignment marks are at a predetermined rela- 30 
tionship on the two sides. Furthermore, it is no 
longer necessary by the measure according to 

the invention to prepare a dummy according to 
each thickness of the workpiece. 

35 

(b) In the correction of deviations of the posi- 
tional relationship of the upper mask to the 
lower mask as a result of temperature changes, 
a dummy need not be inserted. Especially 
upon starting of the device within which there 40 
are strong temperature changes, is it neces- 
sary to often correct the position deviations of 

the upper mask from the lower mask as a result 
of temperature changes. However according to 
the invention the deviations of position of the 45 
upper mask from the position of the lower mask 
can be easily corrected, since a dummy need 
not be inserted, as was described above. In 
this way operation can be facilitated. 

so 

(2) By means of the measure according to the 
invention, by which positioning of one mask relative 
to another mask is performed in the same way as in 
above described item (1 ). by which the light irradiat- 
ing the alignment marks of the first mask is 55 
branched, by which the alignment marks of the first 
mask are recorded and their relative positions are 
determined/stored, by which emission of the light 
with exposure wavelengths is stopped, by which the 



workpiece is inserted in a given position, by which 
the light with nonexposure wavelengths is emitted 
onto the alignment marks of the workpiece, by 
which the relative positions of the alignment marks 
of the workpiece are determined/stored, and by 
which as a result of the previously stored data of the 
relative positions of the alignment marks of the first 
mask and based on the data of the relative posi- 
tions of the alignment marks of the above described 
workpiece, the workpiece is moved such that the 
two come to lie on top of one another, the following 
effects can be obtained: 

(a) Positioning of masks relative to a wortqaiece 
can be done without aberration correction. Fur- 
thermore, according to the invention a costly 
projection lens which is difficult to manufacture 
and which has aberration which is small both 
with respect to the light with exposure wave- 
lengths and also with respect to light with non- 
exposure wavelengths need not be used. In 
this way, operation of the device can be facili- 
tated and the cost of the device reduced. 

(b) Multichromatic light with nonexposure 
wavelengths can be used as the fight which illu- 
minates the alignment marks of the workpiece. 
and therefore, formation of the above 
described interference bands or the like can be 
prevented. Furthermore, the light with nonex- 
posure wavelengths reaches the surface of the 
workpiece, since the light with nonexposure 
wavelengths is not easily absorbed by the pho- 
toresist. Therefore, the alignment marks can be 
easily determined. 

According to the invention therefore the 
positions of the alignment marks can be easily 
determined by means of an image processing 
device and automatic positioning can be done. 

Furthermore, it is unnecessary to use a 
separately placed irradiation unit for the light 
with nonexposure wavelengths for purposes of 
partial illumination. 

(c) Furthermore, exposure of the resist on the 
workpiece to the action of exposure light during 
positioning is prevented. Therefore, in the 
areas used for positioning, circuit patterns can 
be formed and effective use of the areas on the 
workpiece can be achieved. 

It is to be understood that, although preferred 
embodiments of the invention has been described, 
various other embodiments and variations may 
occur to those skilled in the art. Any such other 
embodiments and variations which fall within the 
scope and spirit of the present invention are 
intended to be covered by the following claims. 
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01 the first mask 22 0ntoa ''9 n ment marks 
""ages thereof; Pacing Projected 

recording a/ignment marks m 
^ the projected imao^ ^^^k « 
marks of the firs, a,, ^^t 

*• mask being JESS" *** 
computing data of thl'T' 

^2 rna'H «!,se mask a "" 

— «° one on £ 
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and inserting a workpiW in ,„ 

iect.on lens and the > s~T n ? tne f irsl P">- 
emitting »gm fr om:Te C ^ 0n ' enS; 
Part light with noneJL«T '' 9ht ™a«on 

alignment marte ^ ^ aVe ' en9,hs •*» 
recording the aii „L™ ework P'ece; 

P'ece and * the work- 

«ons thereof; nS/stor,n 9 relative posi- 

mask and based £ ST!?^ 01 ■» «* 
,,ons of the alignmem ^o??/ 6 ' 9 ^ P* 
movrng the workpiece so^tl * WOrl ^B. 
ment marks of to e wo^L 0 the align- 

memmarksofthehrsTnSTlir 

the other sK ,0 one on top of 



e ' ^mpnsing the steps of: 

^w^^Z^Z^T is remote . » 

J* light irradiationtaTnm. , e ' en9ths ir °™ a 
* »e «rst mask so as ton t^™" 
•mages thereof; ° produce Projected 

recording alignment marks * 

projected 2£* I ?" -C0f * ™* * 
marks of the first mas? 1,16 a ''9nment 

Meeting theoroiort^w ' 
mask through . a fSSSS" onto second 
°nd projection enT oTw^" 3nd a 
fte 'anses that? ce ? of «, 
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moving at least one masks; 
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to cause the alignmenTrnTf ,hereof 80 as 
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relative pos rtions therTo? are ■« the 
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°f the above me a "'9"ment marj 

moved such that ZZZ ^kpiece fe 
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4. Device for positioning a first mask relative to a sec- 
ond mask, comprising a first mask, a first mask car- 
rier movement device for moving the first mask, a 
first projection lens at least a side of which that 
faces the mask being telecentric, a second mask, a i 
second mask carrier movement device for moving 
the second mask, a second projection lens at least 
a side of which that faces the mask being telecen- 
tric, a light irradiation part for irradiating alignment 
marks of the first mask with light with the exposure 7 
wavelengths, a camera means which records pro- 
jected images of the alignment marks of the first 
mask produced by the light with exposure wave- 
lengths emitted from the light irradiation part and 
which records the alignment marks of the second T; 
mask, and a control means for controlling move- 
ment of at least one of the first mask carrier move- 
ment part and the second mask carrier movement 
part based on image data recorded by the camera 
means by said control means recording and image Si 
processing the alignment marks of the second 
mask and the projected images of the alignment 
marks of the first mask which are projected through 
the first projection lens and the second projection 
lens onto the second mask, determining the relative 2 s 
positions thereof when the light irradiation part 
emits the light with exposure wavelengths and com- 
puting data of the relative positions of the two align- 
ment marks and then moving at least one of the 
second mask carrier movement part and said first 30 
mask carrier movement part to bring said alignment 
marks of the first and second masks to lie one on 
top of the other. 

5. Device for positioning of masks relative to a work- 35 
piece, comprising: 

a first mask, a first mask carrier movement 
device for moving the first mask, a first projec- 
tion lens of which at least a side which faces 40 
the first mask is telecentric, a workpiece. a 
workpiece carrier movement device for moving 
the workpiece, a second mask, a second mask 
carrier movement device for moving the second 
mask, a second projection lens of which at 45 
least a side which faces the second mask is tel- 
ecentric, a first light irradiation part for irradiat- 
ing alignment marks of the first mask with light 
with exposure wavelengths, a second light irra- 
diation part for irradiating alignment marks of so 
the workpiece with light with nonexposure 
wavelengths, a first camera means for record- 
ing projected images of the alignment marks of 
the first mask produced by the light with expo- 
sure wavelengths emitted from the first light ss 
irradiation part and for recording the alignment 
marks of the second mask, a light branching 
means for branching off or deflecting a portion 
of the light emitted by the first light irradiation 



part at a point located between the first projec- 
tion lens and the second projections lens, a 
second camera means for recording projected 
images of the alignment marks of the first mask 
via the light branched off or deflected by the 
light branching means and for recording 
images of the alignment marks of the work- 
piece received via the light with nonexposure 
wavelengths emitted from the second light irra- 
diation part and a control means for controlling 
movement of at least one of the first mask car- 
rier movement device and the second mask 
carrier movement device based on image data 
recorded by the first camera means and for 
controlling the workpiece carrier movement 
device based on image data recorded by the 
second camera means by causing the first light 
irradiation part io emii iighi with exposure 
wavelengths while the workpiece is at a remote 
location, the control means recording the align- 
ment marks of the second mask and the pro- 
jected images of the alignment marks of the 
first mask which are projected through the first 
projection lens and the second projection lens 
onto the second mask, image processing and 
determining the relative positions of the align- 
ment marks of the second mask and the pro- 
jected images of the alignment marks of the 
first mask, computing data of the relative posi- 
tions of the alignment marks of the second 
mask and the projected images of the align- 
ment marks of the first mask, and then moving 
said at least one of the second mask and the 
first mask to cause the projected images of the 
alignment marks of the first mask and the align- 
ment marks of the second mask to lie one on 
top of the other, the control means recording 
the projected images of the alignment marks of 
the first mask via the branched-off light, image 
processing them and determining/storing the 
relative positions thereof, after which the con- 
trol means stops emission of light with expo- 
sure wavelengths from the first light irradiation 
part, causes the workpiece carrier movement 
device to insert the workpiece in a predeter- 
mined position between the first projection lens 
and the second projection lens, causes the 
second light irradiation part to emit light with 
nonexposure wavelengths, the control means 
recording the alignment marks of the work- 
piece, image processing them and determining 
the relative positions thereof, and based on 
previously stored data of the relative positions 
of the alignment marks of the first mask and 
based on the data of the relative positions of 
the alignment marks of the workpiece, the con- 
trol means causes the workpiece carrier move- 
ment device to move the workpiece so as to 
bring alignment marks of the workpiece and 
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Fig. 1 

arrangement of one embodiment of a 
positioning device according to the invention 
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Fig. 3 

^^?^,°J^' em a J7 an 9ementof the embodiment 
according to the invention 
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Fig. 5 

splitter* 10 ° f dev,ation of the °P t| cal path by a beam 




Fig. 6 

Schematic of a conventional example 
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Fig. 7 
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Fig. 9 

Schematic of variation of the photoresist layer thickness 
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Fig. 10 

Schematic of a state in which interference bands and 
ahgnment marks have come to lie on tSp oi TonTaSofher 
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